Carefully controlled clinical trials have determined that theory-based behavioral interventions delivered by adherence nurses, professional and paraprofessional counselors, and case managers improve ART adherence and viral suppression. However, there are no studies that empirically inform how much intervention is needed for which patient populations and at what cost. This Editorial raises the issue of how a lack of intervention dosing limits interpretation of trial results and impedes implementation, therefore calling for behavioral intervention dose-finding studies.
Antiretroviral therapy (ART) effectively manages HIV infection, extends and improves lives, and potentially slows HIV epidemics. Unfortunately, not everyone receiving ART is benefitting from treatment because of poor adherence. Previous estimates suggested that one-in-five people with HIV being treated with ART have unsuppressed virus [1] . However, the CDC now shows that these once concerning estimates were actually overly optimistic. It is more likely that one-in-three people receiving ART (38%) in clinical care do not demonstrate durable viral suppression [2] [3] [4] . Globally, ART adherence is essential to achieving UNAIDS goals for controlling HIV epidemics and few countries are on a path to end HIV [5] . Sub-optimal rates of HIV suppression signals an urgent need for patient-centered interventions that directly respond to situations impeding engagement in care and ART adherence [6] .
Clinical trials conducted over the past decade, including several studies published in AIDS and Behavior, have determined that theory-based behavioral interventions delivered by adherence nurses, professional and paraprofessional counselors, and case managers have the potential to improve ART adherence and viral suppression [7] [8] [9] [10] . However, despite statistically significant intervention effects in several efficacy trials, we know that a fixed number of intervention sessions, typically 4-to-6 sessions, is insufficient for many patients to achieve optimal outcomes, namely viral suppression. We also know that some individuals actually achieve optimal outcomes with fewer than an arbitrarily fixed number of intervention sessions. Despite the universally rejected assumption that one-size fits all in behavioral interventions, there are no published trials to empirically determine the appropriate dosing expectations of behavioral interventions for use with key targeted populations.
Behavioral interventions typically assume that the intervention dose can be derived from past trials, which themselves had arbitrarily set the dose. It is therefore likely that many behavioral interventions are not considered efficacious when in fact they may have been under-dosed. Similarly, program managers and funding agencies that lack dosing information require providers to waste resources and deliver a fixed dose of intervention sessions that exceed the amount needed-over-dosing. We would not expect medications taken below therapeutic levels to work and we do not accept the costs incurred by delivering unnecessary amounts of medical services. And yet we ignore the implications of under-dosing and over-dosing behavioral interventions.
Intervention Dose is Not the Same as Intervention Content
How much intervention is needed to achieve optimal outcomes is not the same as the composition of the intervention content. The distinction between intervention content and dose is apparent in behavioral skills interventions. Skills building involves a series of steps and activities including practice/rehearsal of skill enactments, reinforcement, goal setting, etc. The steps or activities involved in skills building speaks to content. Behavioral skills building also requires repeated practice and it is the number of behavioral skills rehearsals enacted that represents dose. In behavioral interventions, content and curriculum constraints have been confused with dose. Curriculum-based interventions are often focused on delivering specific learning objectives and allocating time needed to cover the material needed to reach objectives, a standard approach in education. However, the concept of dose should be differentiated from content. Keeping with a drug development metaphor, the formulation of pharmaceutical agents is analogous to intervention content and is not the same as dose. Content is the 'what' of an intervention, dose is the 'how much' of an intervention. The more flexible an intervention's content, that is the more like client centered counseling and the less like an educational curriculum, the more obvious is the need to determine dose. Scripted curricula are designed to meet learning objectives, whereas unscripted interventions, such as client-centered counseling are directed toward meeting individualized needs. Table 1 shows a sample of client centered ART adherence interventions included in the CDC's Compendium of Evidence-Based Interventions [11] . These interventions share common components in terms of content, and none have empirically-based guidance for dosing.
Retrospective Reviews Cannot Determine Intervention Dose
There have been efforts to determine the dose of behavioral interventions through post hoc or secondary analyses. Unfortunately, retrospective reviews and meta-analyses are unable to determine dosing. For example, in an important meta-analysis of ART adherence interventions, Simoni et al. [12] included a dichotomous variable of intervention dose (5 or more vs. less than 5 sessions) as a covariate of intervention effects. The results did not indicate an effect of 'dose'. However, a dichotomous variable lacks sensitivity for determining dose and the multiple interventions analyzed by Simoni et al. were not designed to determine dose. The interventions also varied in numerous ways including content, context, duration, frequency and amount of intervention. In another effort to determine ART adherence intervention dosing from published clinical trials, Voils et al. [13] examined three parameters of intervention dose; duration-weeks of intervention contact, frequency-number of contacts per week, and amountminutes of intervention per contact. Voils et al. concluded that there was insufficient information to analyze dose in the ART adherence literature. For example, twelve of the trials examined did not even report the amount of intervention time. Duration of interventions ranged from 1 week to 96 weeks and the modal frequency of contacts was once per week. The implementation and scale-up of evidencebased behavioral interventions has been hampered by: (a) failure to determine the amount of intervention needed to achieve optimal clinical outcomes; (b) a lack of dosing information keyed to population subgroups; and (c) a void of information on the costs associated with intervention dose-response [14] .
Fixed-Dose Clinical Trials Mask Critical Dose Information
One of many examples of how arbitrarily set dosing has limited the interpretation of trial findings is offered by a clinical trial that tested behavioral self-regulation counseling to improve ART adherence [15] . In this trial 600 individuals receiving ART who were non-adherent were randomized to receive either: (a) 5-fixed-dose sessions of brief bi-weekly adherence self-regulation counseling (with or without text reminders), or (b) 5-brief contact-matched control sessions (with or without text reminders). The findings showed that the behavioral self-regulation counseling resulted in statistically significant improvements in ART adherence and HIV suppression compared to the contact-matched control condition. However, even with the positive outcomes from counseling, adherence gains were not achieved for more than half of participants receiving counseling. And yet, these suboptimal rates of improvement occurred in the context of statistically significantly better improvement than observed in the control condition.
The majority of adherence counseling interventions are dosed with four or five sessions. However, the rationale for the fixed dose is often unknown. One basis for this dose may be that adherence faces multiple challenges; fewer than fivesessions may just not 'feel' sufficient. On the other hand, every additional session increases the risk that the intervention will not be useful in real world settings; increasing dose comes at a cost. On-going
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Lack of Dosing Information Impedes Implementation
Implementers and program managers are in need of guidance for behavioral intervention dosing. In the absence of an empirical basis for intervention dosing, funding agencies and program managers are left with few options and require that service providers deliver the number of sessions that the original researchers tested, albeit without an empirical basis. Once implemented, agency/provider performance is only measurable by the degree to which clients complete the pre-determined fixed number of sessions arbitrarily set by the researcher. Thus, if an agency reports that 80% of their clients completed at least 3 of 5 sessions of an intervention, and only 50% completed all five sessions, the provider could be deemed deficient and could lose funding, even though it is entirely possible, but unknown, that three sessions of intervention is sufficient to achieve viral suppression in that patient population. Unlike other areas in the universe of behavioral interventions, there are no dose-determining trials to inform HIV treatment adherence interventions. Dose-determination trials have been conducted for psychotherapy in treating schizophrenia [16] , depression [17] , and adherence counseling for osteoporosis treatment [18] . But there are no dose determination trials for HIV-related behavioral interventions despite HIV demanding high-levels of lifetime engagement in care and treatment adherence. This gap in the evidence-base for HIV treatment engagement and adherence interventions has policy implications that are impeding intervention implementation and scale-up.
Behavioral Intervention Dose Determination Trials
The classic dose-finding scheme for determining optimal dosing in drug studies can be adapted for behavioral interventions and can frame a research agenda for dose-finding trials. Figure 1 offers an adaptation of a common conceptualization for dose-finding in pharmaceutical research, where determining the optimal dose is a function of tolerability (the inverse of toxicity) and treatment efficacy. In drug trials, data on tolerability and efficacy are used to derive a risk-benefit curve. The optimal dose is defined by achieving maximal efficacy with minimal toxicity. In the behavioral intervention context, physiological toxicity is not a relevant concept [14] . However, excessive counseling can cause psychosocial toxicity-exhausting emotions, fostering dependency and diminishing self-efficacy. Overdosing counseling also carries economic costs, wastes resources and overburdens service providers. Behavioral interventionists can determine the minimum effective dose that maximizes the probability of HIV suppression, for example, during the course of the delivering the intervention at the lowest cost/burden. The costs of overdosing in behavioral interventions results from expending limited resources, impeding scale-up, and overburdening systems. Statistically, dichotomous outcomes, such as viral suppression, have been a focus in drug development research and are adaptable for behavioral interventions [19] . The minimum effective dose can be determined for a patient population as well key population subgroups. For example, differential dosing can be determined for gender, depression, alcohol and other drug use, food security, and virtually any other known and theorized moderator of adherence outcomes [20] .
In the best of worlds, dose finding trials should be included in proofs of concept. For most behavioral interventions, proof of concept trials typically answer questions of acceptability, feasibility, and potential efficacy. Within this context, intervention dose is an obvious and yet overlooked question. Unless dose is determined in the early stages of research it becomes too expensive to determine within the scope of a large-scale efficacy trial. Dose finding trial designs require decisions on the amount of intervention time, number of doses to be tested, dose frequency/spacing, duration of intervention, whether to include an active control, intervention endpoint, etc. Dose-finding trials can be conducted by escalating the number of sessions (dose) until response (adherence/viral suppression) occurs. In a titration design, sessions are titrated to the maximum tolerated dose within participants. In this design, participants all start at a low dose and receive an incrementally higher dose until the maximum tolerated dose is reached. In behavioral research, interventions may become supportive and oriented towards Fig. 1 Classic dose-determination risk benefit curve in drug trials adapted for behavioral interventions. The optimal dose is a function of tolerability and efficacy, with the 95% confidence interval for the effective dose (ED 95 ) defined on the risk-benefit curve relapse prevention once clinical outcomes are achieved. However, maintenance and support are different intervention outcomes than efficacy, requiring dose determination trials in their own right. In addition, there is great variability in intervention response, and titration designs offer the opportunity to examine differential response by participant subgroups, essentially the participant characteristic X dose interaction.
In drug development, dosing trials are designed different in oncology and non-oncology settings, as the implications of toxicity, tolerance, and disease progression are unique in oncology [20] . Dose determination designs in non-oncology settings are therefore the most relevant to ART adherence interventions. In addition, not all of the concepts in nononcology dose finding trial designs are relevant to behavioral interventions. Nevertheless, just as translating concepts from biomedical research to behavioral research with regard to staging clinical trials (Phase I, Phase II, etc.) has proven useful, developing a framework for dose determination in behavioral trials may advance the field.
Dose-Determination Trial Designs for HIV Behavioral Interventions
Several options for designing dose determination trials are available, with some more easily adapted to behavioral interventions than others. For example, a common approach to dose-finding in Phase-I drug development is sequentially raising the dose in successive groups of participants to monitor therapeutic effects and toxicity. This approach to finding the optimal dose essentially balances benefit against risks. In guidance to the pharmaceutical industry for determining dose in support of registering new drugs, the US Food and Drug Administration describes four trial designs [21] which can most clearly be mapped onto behavioral interventions.
Parallel Dose-Response Designs
In these trials, groups of patients are randomized to fixeddoses, with the size of each group determined by an estimate of statistical power. Unless designed as a single-session (one-shot) intervention, the parallel dose-response design could be used for behavioral interventions. Statistical power should include estimates for moderating characteristics (substance use, depression, food insecurity, etc.) and potential combinations of moderators. These designs can also include a placebo control to help interpret results in the event that all groups show a similar slope in response relative to each other. In cases where combinations of interventions may be used, such as adherence counseling and text message reminders, a factorial version of the parallel dose design can be used, such that there may be three levels of counseling dose (3 sessions vs. 5 sessions vs. 7 sessions) and two levels of text message reminders (daily vs. intermittent). A 3 × 2 design would inform the dose of the combination. However, as is the case in all factorial designs, the sample size escalates to gain enough power to test the interaction effects.
Cross-Over Dose Response Designs
In these trials, individuals are randomized to different intervention doses with increased dose (added sessions) for people who return to baseline after treatment cessation. However, one of the assumptions in a cross-over dose response design is that there are minimal carry over effects between doses, an assumption that does not translate well to most behavioral interventions where early session effects are expected to carry over (e.g., practice and mastery effects). Thus, restarting counseling and adding sessions results in more of an aggregate of intervention than testing a new dose.
Forced Titration Designs
In these designs, all participants move through a series of rising doses. Including a parallel placebo control group allows for a series of comparisons between participants receiving dose-levels with a single control group. In drug trials, forced titration carries a disadvantage is the inability to distinguish increased dose from increased time, a concept that does not map well onto behavioral interventions where cumulative carry-over intervention effects are expected and conceptually relevant to dose. Similarly, concerns about spontaneous improvement and delayed toxicities that can occur with drugs and raise concerns with forced titration do not necessarily apply to behavioral interventions. Thus, forced titration designs may serve behavioral interventions well.
Optional Titration (placebo-Controlled Titration to Endpoint)
Like the forced titration designs, all participants move through a series of rising doses, but in this case the dosing stops with a favorable therapeutic response or an unfavorable outcome. And while physiological toxicity is not a relevant concept in behavioral interventions, that is it seems that no one has died from too much counseling, excessive counseling wastes resources and can carry psychosocial toxicities. Like the designs discussed above, a placebo control group allows for multiple comparisons for subgroups at various levels of dosing. Titration designs require fewer participants than multiple parallel fixed dose designs and can offer clear evidence for effectiveness within and between population subgroups. In drug research, these are often the first dosing trials and they seem particularly well-suited to behavioral interventions.
Dose-Determination Cost-Effectiveness
While concepts of physiological tolerability and toxicity do not translate well to behavioral interventions, one adverse effect of too much behavioral intervention is cost. It is therefore likely that the most useful dose-determination trials for behavioral interventions will address questions of cost. Cost-effectiveness modeling can examine economic considerations associated with counseling dose and how costs change in relation to key population characteristics (e.g., gender, age, substance use, depression, etc.). A simple approach will be to analyze the costs-perdose from both a provider perspective and from a more comprehensive "societal" perspective [22] . The main difference between these two perspectives is that the societal perspective includes costs to clients, such as phone usage, transportation, child care and other expenses associated with the intervention, whereas the provider perspective omits these costs. The societal perspective also includes the "opportunity cost" of participation, which reflects the foregone earnings or other value that participants place on their time. For example, after estimating the cost of providing a single session (dose), it is possible to assess the costs of multiple sessions, as well as ranges of sessions. Along with dose findings, cost findings can be summarized for specific subgroups, such that results can inform the recommended number of sessions, expected number of sessions completed, and the effective costs. It is also possible to conduct multivariate sensitivity analyses to determine how cost-effectiveness findings might differ with changes to combinations of population characteristics as well as univariate threshold analyses to determine "tipping points" that change findings from cost-effective to not cost-effective or from cost-saving to not cost-saving.
Conclusion
The goal of this Editorial is to raise the issue of how an absence of dose-determination research in HIV behavioral interventions, many of which have been published in AIDS and Behavior, impedes interpretation of trial outcomes and their implementation. In an era where so much emphasis is being placed on implementation science to guide the use of efficacious interventions in real world settings, we cannot even answer the most basic questions about how much behavioral intervention is needed to achieve optimal outcomes for whom and what cost. Dose-determination trials for evidence-based HIV behavioral interventions should be a research priority and will be treated with highpriority at AIDS and Behavior.
